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Abstract To increase perfusion pressure with vasoactive
drugs may be in conflict with the opinion of the recon-
structive surgeon who maintains that the systemic admin-
istration of vasoactive agents causes vasoconstriction of the
pedicle artery and the microvasculature. In free flap
surgery, deliberate fluid therapy is used with a minimum
of vasoactive drugs. This retrospective study was per-
formed to analyse the perioperative fluid therapy, its effect
on hemodynamic parameters and on the outcome of free
flap surgery. One hundred and four patients were included
in this retrospective study. The muscle sparing free trans-
verse rectus abdominis myocutaneous flap was used for
breast reconstruction. Perioperative hemodynamic data was
used for this study. Twenty-seven patients had one or two
complications requiring return to the operating room (OR).
Two cases returned to the OR because of postoperative
bleeding; in 11 patients, the anastomosis was revised. The
reason for surgery in the latter group was venous stasis, due
to thrombus formation at the venous anastomosis. The
volume of fluid therapy was significantly higher in patients
who returned to the OR due to thrombus formation at the
anastomosis. Based on the results of this study, restricted
intravenous fluid therapy or guided fluid therapy is
recommended. Invasive monitoring such as central venous
pressure and invasive arterial monitoring is recommended.
Fluid loss should be replaced, and fluid overload should be
avoided when the breast is reconstructed using free-tissue
transfers.
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Introduction
Free-tissue transfer has become the standard treatment for
autologous breast reconstruction. In breast reconstruction,
postoperative complications and the final aesthetic out-
comes place a significant emotional burden on the patient.
Anatomical and clinical studies have increased the physi-
ological knowledge of flaps used in breast reconstruction.
However, although overall free flap success rates are above
95%, thrombosis of the arterial or venous anastomosis is
still a dramatic complication, which may lead to flap loss.
In contrast to the increased knowledge on flap design,
little is known about the anaesthetic and perioperative
management, which may have an effect on the outcome of
microvascular surgery. In 1985, Macdonald proposed that it
is important to maintain adequate arterial pressure and
cardiac output. It is generally accepted that good perfusion
pressure is essential to flap survival [1, 2].
In addition to general anaesthesia, intravenous fluid is
administered during surgery. Anaesthesiologists attempt to
restore vascular volume based not only on clinical signs
such as heart rate, arterial blood pressure and urine output
but also on calculations of maintenance, third-space losses
and blood loss. It is common practice to use generous
amounts of fluid resuscitation since it is believed that modest
hypervolaemia reduces the sympathetic tone and therefore
dilates the supplying vessels to the flap. In addition, a mild
Financial support NUTRIM School for Nutrition, Toxicology and
Metabolism of the Faculty of Health, Medicine and Life Sciences of
Maastricht University in cooperation with the University Hospital
Maastricht have provided financial support for this study.
D. I. Booi (*)
Department of Plastic, Reconstructive and Hand Surgery,
Maastricht University Medical Centre,
P.O. Box 5800, 6202 AZ Maastricht, The Netherlands
e-mail: darrenbooi@gmail.com
Eur J Plast Surg (2011) 34:81–86
DOI 10.1007/s00238-010-0466-9increase in central venous pressure will increase the cardiac
output.
On the other hand, restricted fluid administration has
shown to improve outcome after major surgery [3]. The
excessive use of fluid therapy may therefore increase the
complication rate in reconstructive surgery. The reason for
this retrospective study was to analyse perioperative fluid
therapy, its effect on hemodynamic parameters and its effect
on the outcome of the free-tissue transfer.
Patients and methods
One hundred and eight patients were included in this
retrospective study. All surgical interventions were per-
formed by experienced plastic surgeons. During the period
of this study, the muscle sparing free transverse rectus
abdominis myocutaneous (TRAM) flap technique was used
for the reconstruction. In this surgical procedure, a small
medial part of the rectus abdominis is harvested along with
several lateral and medial perforating vessels of the deep
inferior epigastric artery. After complete dissection, the flap
is divided into four perfusion zones as previously reported
[4]. All four zones were included in the flap, and the end-
to-end anastomosis was performed using the internal
mammary artery.
All patients eligible for breast reconstruction with the
muscle sparing free TRAM flap were included in the study
regardless of relative risk factors such as smoking, obesity,
chest wall irradiations and chemotherapy. Flap character-
istics, e.g. flap weight, reconstructed breast weight, ische-
mia time and incidence of postoperative complications,
were noted. Outpatient recording charts were used to detect
any late complications such as wound dehiscence, minor
partial flap loss or fat necrosis.
Using the anaesthesia operative/recovery charts, type
(crystalloid or colloid) and volume of fluid therapy and
hemodynamics parameters were meticulously recorded.
These parameters were recorded at a 15-min interval during
surgery followed by hourly recording up to discharge from
the recovery area 24 h after surgery. Patient and flap tem-
perature were recorded using the same time interval. The
use of vasoactive medication was also recorded during this
period. After completion of the anastomosis, all patients
received intravenous Dextran (30 cm
3/h); this is commonly
used by microsurgeons to decrease vascular thrombosis.
All data were presented as mean values ± SEM. SPSS
was used for statistical analysis. Repeated measures analy-
sis ofvariance was used for analysis of all repeated measure-
ments. Student's t test was used for analysing quantitative
parameters. Chi-square test was used for categorical data.
A P value <0.05 (two-tailed) was considered statistically
significant.
Results
In the 108 consecutive patients, the free TRAM flap was
used for secondary unilateral breast reconstruction. The
anaesthesia/recovery chart was lost in two cases and was
incomplete in two cases. These four cases were excluded
from further analysis. For the remaining 104 patients, the
perioperative data was thoroughly recorded and found
suitable for inclusion in the study.
Mean age at time of operation was 48.4±0.8 (range, 27–
68) years. Body mass index (BMI) was 26.3±0.5 (range,
17.5–32.4) kg. Fifty percent of patients received radiother-
apy, and 67% of the patients received chemotherapy
preoperatively. Thirty-seven percent of patients received
both chemo- and radiotherapy. Mean flap ischemia time
was 57.6±3.6 (range, 32–120) min. History of smoking
was repentantly recorded in only 50% of the patients. Of
these patients, 40.7% were non-smokers, 24.1% were active
smokers at the time of surgery and 35.2% stopped smoking
prior to surgery.
In Table 1, the definitions for various complications are
specified. In 59 patients (57%), the procedure was
performed uneventful. Seventeen patients (16%) had minor
flap complications (mi-FC), which were managed conser-
vatively, and patients recovered with either no or just minor
Table 1 Definitions and abbreviations of complications
Abbreviation Definition Severity Cosmetics
mi-FC Minor flap complications:
fat necrosis (without skin loss)
or small flap necrosis <5%)
Minor None to minor effect on cosmetic result
ma-FC Major flap complication: partial
flap necrosis (>5%)
Major; requiring reoperation:
debridement in theatre
Major effect on cosmetic result
TFL Total flap loss Severe Flap failure to reconstruct, usually
worse cosmetic appearance
RA Revision of anastomosis Major; requiring reoperation:
redo of the anastomosis
or repositioning
No effect on cosmetic result if procedure
is successful and no other complication occur
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patients had complications requiring return to the operating
room. Two cases returned because of postoperative bleed-
ing; these two patients recovered with no further compli-
cations. In one patient, failure of the anastomosis was
discovered too late, and this patient had total flap loss
(TFL). In 11 patients (11%), the anastomosis was revised,
and the salvage percentage after revision of the anastomosis
was 55%. Of the 11 anastomosis revisions, two patients had
arterial occlusion, which was detected early in the postop-
erative period by means of absent Doppler signal. In the
remaining nine patients, venous stasis was the reason for
reoperation. This was usually detected at a later stage due to
a positive Doppler signal form the intact arterial anastomo-
sis. Anastomosis failure was recognised when delayed
macroscopic changes resulting from venous stasis occurred.
These flaps had a prolonged ischemia time and subsequent
reperfusion injury. As consequence, these patients had a
high rate of TFL and major flap complication (ma-FC).
Five out of nine venous anastomosis revisions resulted in
TFL. In addition, all four patients with successful venous
anastomosis revision developed ma-FC, requiring a second
return to operating theatre for debridement.
In addition, 13 patients experienced ma-FC, which
eventually resulted in a poor cosmetic appearance. This
resulted in a total of 17 patients with ma-FC (15%; Table 2).
There was an overall good cosmetic result in 79% of
patients and an inferior cosmetic result in 15% of patients.
Six percent of patients experienced TFL. In two of these
patients, a musculocutaneous latissimus dorsi flap in
conjunction of a breast implant was used for reconstruction
at a later stage. Three other patients needed a split skin graft
for definitive closure of the defect.
Risk factors such as obesity (defined as BMI >28), radio-
therapy and chemotherapy were not associated with compli-
cations. Smoking was not found to be a significant risk
factor for the development of PFL in this study [5]. How-
ever, smoking history was not meticulously recorded in this
study population.
No significant differences were found in the hemody-
namics (blood pressure and heart rate) and in temperature
during the first 24 h after surgery when comparing patients
with or without complications (Fig. 1). The mean volume
of fluid therapy preoperatively was 4.20±0.14 L. Haema-
tocrit level prior to surgery was 0.39±0.03% and dropped
to 0.32±0.04% at the end of the procedure. Haematocrit
level had no effect on clinical outcome. Mean arterial
pressure (MAP) during anastomosis was 72.1±1.4 mmHg.
Normal preoperatively MAP values in patient population
was 78.2±1.6. The volume of fluid therapy (colloid +
crystalloid) did not affect hemodynamics during the
perioperative period (Fig. 2, analysis performed with a
cut-off point of 4.2 L). The use of colloid fluid therapy did
not affect the total volume of fluid therapy nor did it have
any effect on the outcome.
In addition, fluid therapy did not affect overall compli-
cations (Fig. 3). However, in patients who returned to
Table 2 Complications
Return to operating theatre Conservative
treatment
Postoperative
bleeding
Anastomosis
revision
Debridement
mi-FC None None None 15
ma-FC 1 4 13+4
a None
TFL None 5 1+5
b None
Total 2 11 23
c 15
aFour secondary debridement after revision of anastomosis
bFive secondary debridement after revision of anastomosis
c Two patients received musculocutaneous latissimus dorsi flap in
conjunction with implants for reconstruction, three patients needed split
skin graft for closure and in the remaining 18 patients, the defect could be
closed after removable of non-viable tissue
Fig. 1 Mean arterial pressure
(MAP) is compared in patients
with or without complications
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volume of fluid therapy was significantly higher (Fig. 4).
Maintenance of adequate perfusion pressure was pre-
dominantly maintained by administration of fluid therapy.
However, in 14 patients, a bolus of ephedrine was used
during surgery in order to maintain adequate blood pres-
sure, which had not responded adequately on fluid therapy
alone. MAP, which caused the attending anaesthesiologist
to administer ephedrine, and subsequent increase in MAP
are shown in Table 3. Additional details of these patients
are shown in Table 3. The use of ephedrine was associated
with a lower total volume of fluid therapy (Fig. 5); this was
however not significant. The use of ephedrine was not
related to any complications.
Discussion
Breast reconstructive surgery and flap failure pose a great
burden on the self-image and the quality of life of patients
recovering from breast cancer [6]. Increased anatomical and
physiological flap knowledge has improved the outcome
after autologous breast reconstructive surgery. However,
there are still some uncertainties on perioperative manage-
ment and the effect it may have on the final outcome. The
results in this retrospective study suggest that aggressive
fluid management may trigger anastomosis failure, which,
in a majority of patients, leads to further complications such
as TFL and increased incidence of ma-FC.
Anaesthetic management in free flap surgery has been
described in the literature [1, 2, 7, 8]. A series of principles
such as maintenance of a high cardiac output, systolic pres-
sure >100 mmHg, low systemic vascular resistance, normo-
thermia, high urine output and effective analgesia, together
with a mild haemodilution to a haematocrit value of 30–
35%, results in compromise. These are usually obtained by
the use of a deliberate fluid management [1, 7-10]. These
studies also advocate not using vasoactive agents due to
either the increase in systemic vascular resistance or
decrease in cardiac output. However, these basic principles
Fig. 4 Perioperative fluid therapy in patients with adequate anasto-
mosis is compared to patients with anastomosis failure requiring
anastomosis revision
Fig. 3 Perioperative fluid therapy in patients with uneventful
procedure is compared with patients who experienced one or more
complications (e.g. postoperative bleeding, major flap complication,
minor flap complication, total flap loss and anastomosis revision)
Fig. 2 The effect of fluid therapy
on mean arterial pressure is
shown. As a cut-off point, 4.2 L
was used which was the mean
volume of fluid therapy that was
administered
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based medicine.
Anaesthesiologists view the entire body as having flow
that is dependent on systemic perfusion pressure, whereas
reconstructive surgeons convene that systemic administra-
tion of vasoactive agents cause vasoconstriction of the
pedicle artery and the microvasculature. Clinically, vasoac-
tive agents may lead to increased difficulty during dissect-
ing due to vasoconstriction of perforating vessels. However,
Massey et al. demonstrated the safe and effective use of
epinephrine in an experimental model [11]. In addition, a
clinical study comparing dopamine with dobutamine dem-
onstrated that if vasoactive agents are needed during
microvascular surgery, dobutamine seems to be more
beneficial than dopamine in terms of cardiac output and
flap perfusion [12].
In this study, only a minor bolus of ephedrine was used
in 14 patients with no adverse effects on the complication
rates. Ephedrine did lead to a reduced fluid volume therapy
in this group; however, this was not significant (Fig.3).
Perioperative fluid therapy is the subject of much con-
troversy in general surgery. In respect to reconstructive free
flap surgery, little is known. The flaps used in recon-
structive surgery are prone to ischemia and hypoxia, which
implies a considerable risk of wound healing and flap
complications. Deliberate fluid therapy causes haemodilu-
tion, which may further deteriorate oxygenation because of
the lack of erythrocytes. On the other hand, it could
improve oxygenation because of increased microcirculatory
blood flow. In experimental studies, normovolaemic hae-
modilution reduces risk of thrombosis [13] and increases
flap oxygenation [14]. In clinical studies, the debate of
deliberate fluid therapy versus restrictive fluid therapy is
still ongoing [15, 16], although a recent review favours
restrictive fluid therapy [3].
In this study, a high volume of fluid therapy during
surgery was retrospectively associated with a significant
higher incidence of return to the operating theatre for
revision of the anastomosis. The majority of these patients
developed further complications such TFL or ma-FC
leading to return to the operating theatre for debridement.
Fig. 5 Perioperative fluid therapy is compared in patients with or
without ephedrine
Table 3 Patient characteristics with ephedrine administration
Case No. Complication Ephedrine,
mg/IV
BP at TA TA BP increase Increase
MAP
BP AA Fluid (L)
BP MAP BP MAP BP MAP
1 None 10 90/45 60 B 115/60 78 18 115/65 82 4.44
2 None 30 70/55 60 B 105/65 78 18 110/60 77 4.10
3 None 20 75/40 52 D 100/60 73 21 100/60 77 4.60
4 ma-FC 10 80/45 57 B 105/65 78 21 95/60 72 6.79
5 TFL 7.5 80/45 57 B 100/50 60 3 70/50 57 4.13
6 None 5 80/40 53 B 120/75 90 37 95/50 68 7.46
7 None 5 95/35 55 B 120/75 58 3 110/60 77 5.65
8 mi-FC 5 95/50 65 B 120/60 80 15 95/45 62 5.98
9 ma-FC 40 65/40 48 B 95/55 68 20 85/55 65 4.71
10 None 10.5 90/35 53 B 95/40 58 5 95/35 55 5.68
11 None 15 85/50 62 A 105/65 78 16 90/55 67 4.75
12 mi-FC 15 90/55 67 B 110/65 80 13 125/75 92 5.53
13 None 35 65/45 52 B 95/45 62 10 90/40 57 3.30
14 None 12.5 80/45 57 B 100/60 73 16 95/60 72 4.91
BP and MAP are shown in millimetres of mercury
BP blood pressure, TA time of administration (ephedrine), MAP mean arterial pressure, B before anastomosis, D during anastomosis, A after
anastomosis
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precipitates oedema in the flap and therefore impairs the
microcirculation. This in turn leads to venous stasis and,
subsequently, thrombosis. Finally, arterial perfusion is
impaired in a retrograde manner. In addition, the free flaps
may be especially susceptible to oedema formation due to
the loss of lymphatic drainage.
Based on the results of this study, a goal-directed or
more restricted intravenous fluid therapy in addition with
safe use of inotropes may be recommended. Invasive
monitoring such as central venous pressure and invasive
arterial monitoring may guide this. Fluid loss should be
replaced, but fluid overload should be avoided in breast
reconstruction with free-tissue transfer.
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